We investigated 29 Lactobacillus strains isolated from Japanese traditional fermented food products made from rice grain or bran in order to select strains that potently suppress IgE production. First, in vitro screening was carried out to select candidates with strong induction activity for IL-12 and INF-γ production and suppression activity for IL-4 production in mouse splenocytes. Based on the screening data, 3 strains were selected and orally administrated to ovalbumin (OVA)-immunized mice. Among these 3 strains, Lactobacillus paracasei K71 (L. paracasei K71) isolated from sakekasu (sake lees) was shown to be the most potent for decreasing total and OVA-specific IgE levels in serum. L. paracasei K71 may downregulate IgE production via the induction of Th1 responses and suppression of Th2 responses in vivo.
Introduction
Lactobacilli are commonly found among the intestinal flora of humans, have the potential to affect host physiology, and are well known as beneficial probiotics for the prevention and treatment of various diseases and infections. Lactobacilli are also used widely in industrial and traditional fermentative food processes. Commensal microorganisms including lactobacilli are intensively exploited for probioticcontaining dairy products, and it is expected that the lactobacilli present in a variety of food products potentially contribute to health benefits. Most bacteria belonging to the genus Lactobacillus have a long history of safe use (Salminen et al., 1998) . Numerous studies have indicated the potential activity of Lactobacillus strains isolated from fermented foods consisting of plant materials to prevent diseases and/or to improve symptoms (Rokka et al., 2006; Chiu et al., 2008; Nonaka et al., 2008) .
Certain Lactobacillus strains can potentially modulate immune response through the production of interleukin-12 (IL-12), a potent stimulus for interferon-γ (IFN-γ) production, by antigen-presenting cells, such as dendritic cells (DCs) and macrophages, leading the population of type 1 helper T (Th1) cells and Th2 cells toward a Th1-biased state (Murosaki et al., 1998; Shida et al., 1998; Fujiwara et al., 2004) . This effect might be of use in the prevention and treatment of allergic diseases. Most allergic diseases, such as atopic dermatitis, pollinosis and seasonal allergic rhinitis, are associated with elevated production of serum immunoglobulin E (IgE). IgE is produced by plasma B cells, which is mainly regulated by Th2 cells via the production of IL-4. IL-4 induces IgE class switching, augments IgE production in B cells and itself promotes Th2 differentiation. In addition, Th2 cytokines, such as IL-5 or IL-6, enhance the recruitment of mast cells and eosinophils to inflammation sites or the IgE production.
The Th2-biased state participates in the clinical course of allergic diseases (Robinson et al., 1996; Platts-Mill, 2001 ). In contrast, Th1 cells produce IFN-γ, which plays the opevery 7 days in order to measure total and OVA-specific IgE levels in serum. After checking that serum IgE levels were rising, mice were sacrificed and their spleens were obtained on day 28 to 35. Single cell suspensions of splenocytes were prepared by crushing and pressing the organs through a nylon mesh and removing red blood cells with lysis buffer, followed by washing twice with PBS. Splenocytes were suspended at 2 × 10 6 cells/mL in RPMI-1640 (Sigma-Aldrich, St. Louis, MO) containing 10% (vol/vol) heat-inactivated fetal bovine serum (FBS; Roche, Mannheim, Germany), 100 U/mL penicillin and 100 μg/mL streptomycin and, using 96-well plates (Nunc, Roskilde, Denmark), followed by cultivation with 100 μg/mL OVA in the presence or absence of 1 μg/mL heat-killed cells of Lactobacillus strains. After 7 days, culture supernatants were collected for measurement of IgE and cytokines by ELISA. ELISA Concentrations of IL-12, IFN-γ and IL-4 were measured using a murine Opt EIA ELISA kit (BD Biosciences, San Diego, CA) in accordance with the manufacturer's instructions. For determination of total IgE, sandwich ELISA was employed using anti-mouse IgE antibody (LO-ME-2) (Zymed, San Francisco, CA) as a primary antibody and biotinylated anti-mouse IgE antibody (LO-ME-3) (Acris, Hiddenhausen, Germany) as a secondary antibody in combination with streptavidin-horseradish peroxidase (HRP) conjugate. OVA-specific IgE levels were also assessed with a similar sandwich ELISA system using OVA to coat the ELISA plates instead of primary antibody. As HRP substrate, 3,3',5,5'-tetramethylbenzidine (Sigma-Aldrich) was used and absorbance at 450 nm was measured using a microplate reader (Model 680; Bio-Rad, Hercules, CA).
In vivo experiments One milligram of heat-killed cells of Lactobacillus strains in 50 μL of sterile water was orally administered to female Balb/c mice (6 weeks of age, n = 6 per group) daily, in parallel with intraperitoneal immunization with 100 μg of OVA and 1 mg of Al(OH) 3 gel on days 0, 7 and 14. For measurement of total and OVA-specific IgE levels, blood was collected from the tail vein every 7 days from day 0 to 28, and sera were separated by centrifugation, followed by storage at −80℃ before measurement.
Statistical analysis Statistical differences in in vitro test results were analyzed by Mann-Whitney U-test. Data from animal studies were analyzed by one-way analysis of variance (ANOVA). Statistical differences between the means of treated and control groups were tested using Fisherʼs protected least significant difference (PLSD). A p-value of less than 0.05 was considered statistically significant. Data are represented as means ± standard deviation (SD). posite role to IL-4, and itself promotes Th1 differentiation. Therefore, Lactobacillus strains with the ability to induce a Th1-biased state via IL-12 production, whereby Th2 responses are weakened, are expected to prevent IgE-mediated allergic diseases (Fujiwara et al., 2004; Shida et al., 2002; Cross et al., 2002; Pochard et al., 2002) . Although probiotic microbes are recommended to have the ability to survive in the intestine, it has been reported that even heat-killed cells of several Lactobacillus strains exhibit immunomodulatory activity in vivo (Simakachorn et al., 2000; Ishida et al., 2005; Hirose et al., 2006) .
The objective of this study was to screen potential Lactobacillus strains for suppression of serum IgE levels upon administration of heat-killed cells. We isolated 29 Lactobacillus strains from traditional Japanese fermented food products made from rice grain or bran, following in vitro screening to select candidate strains with the strong activity to induce IL-12 and INF-γ production and to suppress IL-4 production in splenocytes. The effect of candidate strains on serum IgE levels was then examined by employing ovalbumin-immunized Balb/c mice.
Materials and Methods
Lactobacillus strains Lactobacilli were isolated from traditional Japanese fermented food products prepared from rice grain or bran, such as koji, moromi, funazushi, nukadoko and sakekasu, by plating samples on MRS agar (Difco, Detroit, MI) and LBS agar (BBL, Cockeysvill, MD). Among the isolates, rod-shaped cells were picked up and subjected to analysis of phenotypic characteristics, including carbohydrate fermentation profile, according to the method of Tanasupawat et al. (1998) . In addition, strain identification was confirmed by sequencing the 16S rRNA gene as described by Endo and Okada (2005) . After cultivation in MRS broth at 37℃ for 24 h, cells of Lactobacillus strains were harvested, washed with sterile distilled water and killed by heating at 105℃ for 15 min. The resultant heat-killed cells were lyophilized and then suspended in phosphate buffered saline (PBS) to be used in subsequent experiments.
Mice Six-week-old female Balb/c mice were purchased from Charles River Japan (Yokohama, Japan) and were maintained conventionally at about 23℃ under a 12-h lightdark cycle. Mice were treated in accordance with the guidelines for animal experiments as laid out by our institute. All experimental procedures were approved by The Ethics Committee for Animal Experiments of Niigata University.
In vitro cytokine production assay Mice were intraperitoneally immunized on days 0, 7 and 14 with 100 μg ovalbumin (OVA; Wako, Osaka, Japan) and 1 mg of Al(OH) 3 gel (Wako). Blood samples were collected from the tail vein racasei K122 and L. sakei 244, were also most potent suppressers of IL-4 production. The amounts of IFN-γ and IL-4 in the supernatants of splenocytes cultivated with these three strains are shown in Table 2 . The strength of IL-12-inducing activity was proportional to that of IFN-γ-inducing activity. Although L. paracasei K71 was the strongest inducer of both IL-12 and IFN-γ production, the strain showed the third
Results

Isolation of Lactobacillus strains
In this study, 29 Lactobacillus strains, belonging to 7 different species, were isolated, and are listed in Table 1 . The most frequent species isolated was Lactobacillus paracasei (18 strains).
In vitro production of by splenocytes In order to select the strain with strongest potential to induce IL-12 and INF-γ production and to reduce IL-4 production, splenocytes from OVA-immunized Balb/c mice were cultivated with heat-killed cells of Lactobacillus strains in the presence of OVA. The amounts of IL-12 in supernatants of splenocyte cultures are shown in Table 1 . The data were displayed with the high order of the amount of IL-12. All strains showed increases in the amount of IL-12, but there were differences in activity, even within the same species. Among the 29 strains, L. paracasei K71 exhibited the most potent IL-12-inducing activity. The top three strains with regard to IL-12 production, L. paracasei K71, L. pa-L. paracasei K71 Suppresses Serum IgE Levels Values represent means ± SD (n = 3 to 6). Significant differences between control and each Lactobacillus strain (*p < 0.05) were tested by Mann-Whitney U-test. Values represent means ± SD (n = 6). Significant differences between control and each Lactobacillus strain (*p < 0.05) were tested by Mann-Whitney U-test.
The L. paracasei K71 administration group showed significantly lower OVA-specific IgE levels when compared with the OVA-immunized group on day 28 (p < 0.05). L. sakei K244 exhibited weak suppressive activity (not significant) and L. paracasei K122 showed almost no change.
Discussion
There is much experimental evidence suggesting that certain Lactobacillus strains with stimulatory activity for IL-12 production are potentially effective in lowering serum IgE levels in murine models (Matsuzaki et al., 2000; Sashihara et al., 2006; Segawa et al., 2008) . Taking into consideration the importance of IL-12, in this study, we screened 29 newly isolated strains of Lactobacillus (Table 1) for their potential to suppress IgE production, employing in vitro experiments for cytokine production in combination with in vivo assay for serum IgE levels. First, heat-killed cells of these strains were examined for in vitro production of IL-12, IFN-γ and IL-4 by splenocytes from OVA-immunized Balb/c mice, in order to select the strain with strong potential to modulate the Th1/ Th2 balance toward the Th1-dominant state. It has been reported that different Lactobacillus strains, even within the same species, show different patterns of IL-4 and IL-12 production (Fujiwara et al., 2004; Torii et al., 2007; Sakaguchi et al., 2008) . In accordance with previous studies, our results strongest activity to suppress IL-4 production. With regard to IL-4-reducing activity, L. sakei K244 was the strongest. L. paracasei K122 was the second strongest in both IL-12-and IFN-γ-inducing activity, as well as in IL-4-reducing activity. Based on these data, 3 strains, L. paracasei K71, L. paracasei K122 and L. sakei K244, were selected as potential candidates for strong inducers to modulate Th1/Th2 balance toward the Th1-dominant state.
Serum IgE levels In order to evaluate whether heatkilled cells of L. paracasei K71, L. paracasei K122 and L. sakei K244 had the ability to lower serum IgE levels, these 3 strains were administered orally to OVA-immunized mice and sera were collected every 7 days during the experiment. Concentrations of total IgE in serum are shown in Fig. 1A . OVA-immunization without administration of lactobacilli resulted in elevation of total IgE levels in serum. All 3 strains exhibited the ability to reduce total IgE level in serum, with L. paracasei K71 being the most potent. The L. paracasei K71 administration group showed significantly lower total IgE levels when compared with the OVA-immunized group on days 21 and 28 (p < 0.05). In addition, there were no significant differences between total IgE levels in the L. paracasei K71 administration group and those in the non-immunized group on day 28. With regard to lowering OVA-specific IgE levels, L. paracasei K71 was also the most effective strain (Fig. 1B) . Values represent means ± SD (n = 6). Significant differences between OVA-immunized group and each group (*p < 0.05) were tested by one-way ANOVA, followed by Fisherʼs PLSD analysis.
suggested that the immunomodulatory effects regarding cytokine production depended on the strain, but not on the species of lactobacilli. Strains showing stronger induction of IL-12 production tended to be stronger suppressers of IL-4 production.
Next, we selected L. paracasei K71, L. paracasei K122 and L. sakei K244 as candidates for a strong inducer of Th1 responses by in vitro cytokine production and evaluated the effects of oral administration of the 3 strains on serum IgE levels employing OVA-immunized Balb/c mice. L. paracasei K71, the most potent inducer of IL-12 production, most effectively decreased both total and OVA-specific IgE levels in serum (Fig. 1A and 1B) . This suppression of serum IgE levels could be explained by the modulation of Th1/Th2 balance toward a Th1-dominant state in systemic immunity via L. paracasei K71-induced IL-12 production, followed by down-regulation of IL-4 production, a prerequisite cytokine for IgE synthesis. L. sakei K244 and L. paracasei K122 also showed stronger activity to suppress IL-4 production, but these 2 strains were less effective at decreasing serum IgE levels than L. paracasei K71, particularly on OVA-specific IgE levels. When administrated orally, lactobacilli may exert immunomodulatory activities that partially differ from those observed in splenocyte culture in vitro. There is a possibility that, with regard to IL-12-inducing activity, L. sakei K244 and L. paracasei K122 are not sufficiently potent to induce an effective Th1 response in vivo, resulting in a weak decrease in serum IgE levels. In accordance with many previous studies using murine models, IL-12 induction by Lactobacilli appears to play an important potential role in lowering IgE levels in vivo. Further examination is necessary in order to investigate the mechanisms by which orally administrated L. paracasei K71 suppresses serum IgE levels.
In our study, L. paracasei K71 isolated from sakekasu (sake lees), a Japanese traditional fermented food coproduced during sake brewing, exhibited immunomodulatory properties that could be effective in ameliorating IgE-dependent allergic diseases. Clinical trials investigating the antiallergic effects of L. paracasei K71 on symptoms in patients with atopic dermatitis (Moroi et al., 2010) and pollen allergy (manuscript in preparation) have already been carried out by our research group.
